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Meaber of the Academy of Medical Sciences, USSR, prof. A.D. ADO)
of the Second Moscow Medical Institute, dedicated 2c N,I1, P'IROGOUV

(Received June 15, 1957)

(Translated bty: Bdward Lachowicz, Maryland, Medical-lLegul Foun-
dation, Inc., 700 Pleet Street, Baltimore, Maryland, .70/,

During investigations performed on warm-blooded aniwmals (1,2,})
we deterpined that bdotulina) toxin {mpairs, in the first plsce, the
motor neuror.e of the anterior horn ot the epinal -ord end, then,
oue can notice, only after eeveral daya follcwing the intoxication,
the impairments of neuromuscular terminsl apparatuves, At the suné
time, the afferent part of the spinal reflex arch remains unaffected,

We found only partial reports (4, S5, 6, 7) in the literature
dealing with the Qqueation of the mechanism of botulinal toxin's
effects on cold-blooded animals, Thus, we set the following gosls
ir the present work:

1) To clarify the sequence of changes in functional prcperties
of the spinsl cord motor centers und of their concuctors at various
stages of botulinal intoxication;

2) To clarify whetber botulinal toxin affects the afferent part

of the reflex arch,
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The experinents wele performed oz £rogs (Rana temporaris)
welghing 40 to 50 gm, ('ne group of animals received in advance
botulinal toxin type A (1 mice = Dlx = 0,.,00005 ag of 4dry toxin)
adainietered into the spinal lycphatic eeac in a quantity of 0.! ml
ard {n concentretions fros 2”10'3 to 5"0“3 En/Bl; the other group
roceived the toxin's injection irto muscalus gastrocnemius in a
quantity of 0.1 ml, in ¢ilutions from 1°107" to 1°10™% zm/ml. The
firet weihod of administration of the toxin developed a genersl
botulism pioture, and the cecond one - a looal picture {in u form
of peralyeis in one aeffected hindpaw), However, in some experiments.
the local form of botulism changed to a gensral form after several
cdayos. The experiments were parformed on animals with both forms of
botuilem on the firet ¢ay and up to the seventh day tollowing thre
inoculatisu, after decapitation of frogs, their spinal rount was
pecurel) fixnd on diesscting satand wiih tne dorsum upward, tnen
we dlssected off toth sciatic zerves and also the terdons of tibial
muscies, We connected the lettor with Engelman’s ayogragphs,

About 0 to 12 minutes after tLes preperation, we performed
the reurotomy of one cf the eciatic nerves, then we saparated the
central end of the tidbial nerve and arranged it on pletinum e-
lectrcdes connected with the outlet of the SRAKH-1 stimulator that
eonatled us to change the frequency, the intensity an? the luration
of stimulating impulses, The stimulation of the indirated rerves
cauned a contraction of the opposite intact eide of the gamtroonemius
auscle. Thus, indirwctly to the optimum and peseizum of the atipu-

iation frequency, “e invedstigated in theee experiwents the ladbility



o7 the apins]l motor centers, Later, with the stimulation of thae

peripheral end of the nsurotomized nerve, we invewtigated by analn-

goum method the lability of the ayoneural connections and, finally, !
muscles, Along with the lability, »e also investigated the rheodase,
ae «ell as the chronaxy of the sciatic nerve, and of the gastrocne-

zius auscle. '

Ye performed 1dentical experiments on norwal frowa for control
purposes,

In 25 experiments with spinal preparations of uninfectet ?rogs,
coniractions of the gastrocnealus auscle appeared w tn ti.e 39tinu-
lation of the central end of the neurotomized tibial nervz ,n the
opposite side, when ffoquoncioa from | to 80 cpa were ue!, As a
rile, with the freguenc:es of the afnrementioned LuZnituly, #e ob=

servel pessimal contractions of the nvestigmted mumcle., Thua, ac-

|
cording to the optiauz and pessimun uf the etimulation frejuency,
the lability of motor centers of the s;lnal cord ranged 1n contrsl
experiaents atout 80 cps. The gastrocneuius wuscle cuntrscted on P

the frejuencies frouw 35 to 400 cps duriny stimulation of the sciatic H
nerve in uninfocted frogs; however, tne optimum tetanis was nb=-
served with the stimulation of the nerve up to & cps, and the

ye688iaum tetanus - from »0 cps up, The gastrocneziis amuscle .n t
direct stizuation respondaed to contractions on frsquenciss uap to {
2}V cps. The rheobase of the tidia! nerve varied frac 0.2 tao 0,0 v

in se,arats experiments, howaver it reazained within the raige »>f ﬁ

J.) to D,4 v in most experiments., The cagnitude of the rheobase of

tne astrocnemjue auscle was 1 to } v, while the crnronaxy varied




froa .2 o 1.2 meseo.

Pigures 1 = Lablility deoreuse in spinal amnotor ceatera on the aide of
inoculation with botul lnal toxin aftar gtimulutinn of the
oot al end of the neurotoaized tibiu: nerr- on nonpura-
lysed sic¢e, Above - the nyogrum of the “rontal tidial
muscle of the paralyjzed extremity; beina - utim..ation
sarkings (stimulating current strengtn: 1.2 v'; tottoa
- tia) markinge 5 wec, '

Pigure 2 - Lability chunges ~f peripheral motor tracts on a para-
lysed side. Adove ~ ~ontraction recuris o ths frontal
tibial muecle during stimulation of ¢he peconeal 'ierve

;g in a paralyzed extreamity; belaw - stimulation murking=

- with (ndicated freyuency (cps) of the stinp:i.utir. -urrens

{current etrength: 1,3 v); bottom - time anrxines € a3s,

The basic experiments wure curried out on ) froca, Tn 30 axe-
periments the toxin wus udmin.etered into the sp.inul lymphatic suc
ani in 68 ex;eriments - by intramuscular method, A series of suce

cessive stages of develope1l injuries in the nerviua nystem were
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detected with local and general forms of botulism during investigation
of funotional conditions of various seotions of the spinal reflex
arches,

In the initial etages of intoxication (1st or 24 day after
inoculation) we observed in 8 experinmeats with gsneral forzs of
botulise and in 8 inatarces of local bdotulism that a considerable
decreuse ooccurred in lability of the spinal motor centers, In frogs
with a local botulisa this manifested itaelf only on a siie of the
adainistered toxin, As we see froa figure 1, a contraction of the
gastrocneaius auscle in these aninmals occurred only with low frequen-
cy (2 to 16 cps) stimulations administered to the central end of
the nourqtonisod tidial nerve on the opposite side. We ulso noted
a consideradble fatiguse of spinal neural centers, nemely: a reflex
Tesponse on the second stimulation could onl: be obtained after 10
to 15 minutes following & preceeding stimulation, In these experi-
ments the rheobase, obhronaxy and lability of the tidiel nerve and
of gastrocneaius muscle 4did not differ from tnose observed in ocontrol
animals,

In the following 6 experiments with general form of botulisa
and in 9 experiments with loceal fora of botulism (on the 22 or 34
day after inoculaticn), we could not record any contractions at all
of the gastrocneuius muscle after stimulation of the centrul end
of the tibdial norvo’by any frequencies, However, the siimulation of X
the truncus of the tibial nerve has not produced any significant dis-
orders in its functions, i.e. the magnitudes of the rheobase, chro-

naxy ard ladbility appeared close to normal. The disorders appeared
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02ly After a consideradly high inoculation volume and thgytnvolvod,
{2 addition to spinal centars, also the peripheral amotor conductors.

\

Pigure 3}, a - Recording of contractions of the frun%al tidial nerve
following direct stimulatiun on nonparulyzed siae; b -
recording of contractions cf anslogous auscle on the
opposite and parslyzed side; telow - zarrings of astigu.
lation; bdottom - time parkings S5 sec,

Likewise, no reflector cuntractions of the gunirocnemius BiscC.e werse

poticed, At the same time, chuanyes appeared in functiona! characier-

istiocs of the tidbial nerve: the rheobdbase increased to 7 v and above,
the chronaxy lengthened and the lability showed a ahifting tenden-
¢y toward high frequencies. The functiocnel characteristica of the
sastrocnealus auscle showed no deviaticns from a normal state Ve
observed aimilar changea in 6 experiments with a general fora of
botulisa and in 14 experiments with a local form o bdutulisa.

In the subsequent stage of intoxication, on the 24 to 4th day

following the sdministration of toxin (in 3} experiments witn a

gensral form of botulisa and in 19 with & local form of botulisa),

the injury of the tibial nerve was atill expressed aore distinctly:
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. usually, the rheobase and the chronaxy resained undetersmined, even
when the strength of stimulating current reached 100 v, The stimu-
lation of the tidbisl nerve with the frequency of 30 cps and adove
caused contraction of the muscle in reaponse to ineignificant
strength of the stimulating current: 1,8 v (see figure 2). Attention
aust be dirsoted to a charscteristic change in contractions of
Ruscles: according to their form, they represented typical tonmic
contractions, However, according to cowparison with a normal state,
after direot stimulation of the inoculated gusirocnemius muscle, no
important ochunges wers noticed in the rheobase, chronaxy and lability.

In the very late stage, on the 4th to 7th day after inoculation
(in 4 experiments with a general and in 5 experiments with a local

. fors of botulisa), we observed s complete absence of any effect

following indirect stimulatior of iroculated muscls at the time,
when its dirsct stimulation caused a usual contraction, Pigure )}
shows ocontraction curves after direct etimulation with various
frequencies applied on gastrocnemius musc.e infected with dotulinal
t0oxin and also the curvec of muscle uninfected with botulisa for
comparison purposes., The infeoted gaatroonemius muscle, while en-
tirsly varesponsive to indirect stimulation, revealed on direct
atisulation insignificant changee in the optizum and pessimum of
-the stimulation frequency.

In addition, we sculved a question of injuries by toxin in the
afferent sections of the spinal reflex arches, We adainistered botu-
linal toxin intrasuscularly in doses that caused paralysis only in

the inoculatel extremity, During stiamulation of the central end of
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the neurotomised tibial nerve in the paralysed extreaity, reflex
contractions in the gestrooneamius muscle always appeared on the

side opposite to the nonparulyzed side; conssqueutly, botulinsl

—— ey em

toxin does not affect the afferent sections of the spinsl reflex

urches. n
Thus, the injury to the motor inmervation of skeisetal zuacle

in froge ie conditioned, first of all, by the toxin's effact on

motor ceaters of the spinal cord. In thia respect there ia a com-

plete conformity with the mechaniez of the bdotulinal toxin'se effect

oa wars-blocded animals, Evidently, disorders in functional charac-

teristics of the peripheral amotor nerves occcur only after imjury

of the motor ceanter at the time of its direct cooperacion,

Conclusione

1., 7The adainistration of votulinal toxin type A in a dose of e
0.1 in dilutions of 2°1073 ga/ml, or 51073 gm/ml into spinal lym-
phatic sac casuses on the 24 or 34 day a developament of a general
form of dbotulisa, and death on the third or fourtan day.

The administration of botulinal toxin type A in a doee of 0,!
in dilutions of 141073 gn/ml, or 1°107 gn/ml, causes a ievelopment
of local totulism and paralysis of the affected extreaity.

2. The davelopment of parslyses, local and general, begins, in
t*y fires plucs, with the injurious effeoct of tne :oxin on pertinent
motor centers of the spinal cord and, then, the harmful effect ex-
tends to the efferent part of the reflex arch.

3. The affersnt part of the spinal reflex archee is not affect-

ed by botulinal toxin type A.
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Summary (copied)
The mechanism of the parulytic effect of botulinum toxin on the

maotor innervation of skeletal muscles wus studiec in frogs. 1t was
eotublished tha* paralysis of skele¢tal muscles hegins from the
injury of motor centers of tte 3}inul cord, It was poouitie to re-
veal the affeotion of the periphermul rneurosuscular ajparatuses only
after a consideradle jeriod of tinme foliowiry completw exclusion

of the spinal nervous centave,




